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Abstract 
To test the hypothesis that exogenous silicon (Si) would mediate the deto
(Brassica Chinensis L.) growing in Cr-contaminated soil, a pot experiment that 0, 50, 100 and 200 mg·kg-1 Cr 
(Na2Cr2O7 2H2O) were supplied to soil together with 0, 0.5, 1.0 and 1.5 g·kg-1 Si (Na2SiO3) for 48 days, was studied. 
Results showed that supplying Si improved the growth of pakchoi in low Cr level. However, the shoot dry weight 
decreased with the increasing Si supplied in high Cr level. Compared with under non-Cr stress, the application of Si 
sed the activities of POD, SOD and CAT of pakchoi under excess Cr. However, antioxidant 
enzymes activities displayed no difference under three Cr levels supplied. Shoot Cr accumulation decreased, while 
root Cr concentration increased, which was ascribed to the formation of precipitation-
Cr and the reduction of exchangeable-bound Cr fractions in the soil. Furthermore, the rhizosphere soil pH increased 
with Si level under either Cr level, suggesting that exogenous Si would induce the alkalization in the rhizosphere 
promoting the formation of precipitation-bound, organic matter bound 
Cr in Cr-contaminated soil, thereby probably decreasing Cr uptake from Cr-contaminated soil. These results proved 
direct evidence that Si played a mediated role, which decreased Cr uptake and improved the stabilization of Cr in Cr-
contaminated soil.  
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Many studies have shown that the contamination of agricultural soil with toxic heavy metals is causing 
serious pollution not only in China, but throughout the world, due to intensive industrial and agricultural 
development [1,2]. Among all the heavy metals, chromium (Cr) is a very common toxic element in 
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contaminated soil [3,4]. In China, concentrations of chromium in some polluted, coastal agricultural soils 
as high as 800-3000 mg kg-1 have been reported [5]. Cr toxicity in plants can trigger an accumulation of 
lipid peroxides, oxidize proteins, and cause oxidative damage [6]. When Cr enters the food chain, it is 
harmful to human health acting as a cumulative poison [7-9]. How to ameliorate the contamination of 
heavy metals in soils and reduce fruit safety risks by inhibiting heavy metals uptake and transport into the 
edible parts of crops is becoming a growing public concern [10,11]. Traditionally, contaminated soils 
were remediated by covering with other soils, application of organic manure, lime, etc, however, these 
measures are labor intensive and require extensive financial support.  
It has been reported that silicon is the second m [12]. Though 
Si is a non-essential element for many higher plants [13,14], it has been reported that Si (calcium silicate) 
can enhance the resistance and/or tolerance in plants to toxic metals, such as Cd [15-17], Al [18,19], Mn 
[20-22] and salt toxicity in plants [23-25].  
Although many reports indicated the ameliorative effects of Si on heavy metal toxicity, it remains 
unclear whether Si detoxifies the Cr toxicity of plants grown in different Cr-contaminated soils. In the 
present study, Si was supplied to soil together with Cr (Na2Cr2O7 2H2O) using the pot cultivation, with 
the aim to clarify the involvement of exogenous Si on growth, antioxidant enzymes (POD, SOD, CAT) 
activities and Cr absorption in pakchoi under excess Cr stress, and elucidate the detoxification effects of 
Si-mediated rhizosphere Cr fractions in Cr-contaminated soils. 
2. Materials and Methods 
2.1. Cultivation of Plant Materials 
The experiments were conducted in the greenhouse of Guangdong Institute of Eco-Environmental and 
Soil Sciences. A pakchoi cultivar (Brassica Chinensis L.), obtained from Changhe Seeds Limited 
Company, Guangzhou, which was widely used as a plant material in South China. The physical-chemical 
properties of soil used for the experiments were pH 4.7, organic matter 12.5 g·kg 1, hydrolysable N 58.1 
mg·kg 1, available P 12.9 mg·kg 1, NH4Ac-extractable K 37.8 mg·kg 1, NaAc-HAc extractable Si 70.1 
mg·kg 1 -1 of total Cr, respectively. After being air dried, the soil was crushed to pass 
through a 2mm sieve. 9000 grams of soil was mixed and placed into 37×27×16 cm plastic pots. All pots 
received base mineral nutrients which were mixed throughly with 150 mg kg 1 N in the form of urea, 150 
mg·kg 1 P2O5 in the form of KH2PO4, 200 mg·kg 1 K2O in the form of K2SO4 and KH2PO4, 50 mg·kg-1 
Mg in the form of MgSO4·7H2O, 5 mg·kg-1 Zn in the form of ZnSO4·7H2O, 5 mg·kg-1 Mn in the form of 
MnSO4·H2O, and 2 mg·kg-1 Cu in the form of CuSO4·5H2O with soil. Three germinated seeds were sowed 
in each pot and thinned to one seedling per pot after emergence. 
Si was added in the form of sodium metasilicate (Na2SiO3·9H2O) and Cr in the form of Na2Cr2O7. To 
avoid heterogeneous distribution, Na2SiO3 and Na2Cr2O7 was firstly mixed thoroughly with 1000 g of soil, 
and then the resulting soil was mixed with 9000 g of soil. The soil was saturated overnight and the 
following morning seedlings of similar size were sowed in the pots. The seedlings were irrigated when 
the soil moisture was less than 70% of field capacity. The temperature in greenhouse ranged from 25°C to 
35°C (the highest temperature was 35°C at noon, while the lowest temperature was 25°C at night). 
The experimental design was randomized block with two factors:  
(1) Four Si levels: Si0, Si1, Si2, and Si3 added at 0, 0.5, 1.0 and 1.5 g·kg-1 Si in the form of Na2SiO3, 
respectively.  
(2) Four Cr levels: Cr0, Cr1, Cr2 and Cr3 added at 0, 50, 100 and 200 mg·kg-1 Cr in the form of 
Na2Cr2O7, respectively.  
There were 16 treatments in the experiment, each of which had 4 replications, in total 64 pots.  
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2.2. Harvest and Analysis of Pakchoi Tissues 
The pakchoi seedlings were harvested after sowing for forty-eight days, and were separated into roots, 
stems and leaves. The stems and leaves were firstly washed with tap water and then with distilled water. 
The roots were firstly rinsed with 0.5 mM CaCl2 to remove ions on the surface of roots and then washed 
with tap water and distilled water successively. Water on the surface of seedlings was absorbed by filter 
paper. To obtain the dry weight, the pakchoi tissue was then oven-dried for 72 h at 70°C. Dry weight 
values of roots, stems and leaves were recorded. The tissue was then ground and used for Cr analysis. The 
Cr in plant materials was determined by ICP-AES after hot temperature melting.  
2.3. Measurement of Activity of Antioxidant Enzymes 
Fresh leaves of 0.5 g were excised and ground in a 2-mL ice-cold 20 mM HEPES buffer (pH 7.8) 
containing 0.2 mM EDTA, 2 mM reduced ascorbate, and 2% PVP. The homogenate was centrifuged at 
4°C for 20 min at 15,000× g and then the supernatants were collected as enzyme solution for further 
measurements [26]. For the analysis of superoxide dismutase (SOD) (EC1.15.1.1) activity, nitroblue 
tetrazolium (NBT) was used to inhibit the photochemical reduction. One unit of the activity of SOD was 
defined as being present in the volume of extract that caused the inhibition of the photoreduction of NBT 
by 50%. Catalase (CAT) (EC1.11.1.6) activity was measured by calculating the decline in absorbance at 
240 nm due to the decline of extinction of H2O2. The reaction mixture was composed of 25 mM sodium 
phosphate buffer (pH 7.0), 10 mM H2O2, and 0.1 mL enzyme extracts. The reaction was started by adding 
hydrogen peroxide. POD activity was detected by measuring the increase in absorbance at 470 nm due to 
guaiacol oxidation. An increase in absorbance at 470 nm/min was defined as one unit of enzyme activity. 
2.4. Soil Cr Fractionation 
For the soil samples, the pH in the rhizosphere was measured in a 1:5 soil to water (w/v) mixture, and 
Cr fractionation was performed using the reagent extraction and digestion [27-29]. Cr speciation in the 
soil was partitioned into four fractions, i.e., exchangeable-bound, precipitation- organic matter 
ccording to Chen et al. [28]. The soil sample was firstly extracted with 0.1 M 
NH4 Ac as exchangeable Cr. The residue was extracted with 2.0 M HC1 as carbonate-bound Cr. The 
resulting residue was extracted by 10% H2O2-2 M HC1 as organic matter-bound Cr. Finally, the 
remaining residue was analyzed by HF-HNO3-H2SO4 as residual Cr. The sequential extractions were 
performed in acid-rinsed borosilicate glass centrifuge tubes. The suspension solution was centrifuged for 
15 min at 1,500×g. The resulting suspensions were filtered by gravity through a paper filter. The 
extracted Cr was determined by AAS [29]. 
2.5. Statistical Analysis 
Statistical analysis of the experimental data was performed using SPSS® software, version 16.0 (SPSS 
Inc.). The statistical significance differences were determined by one way analysis of variance, followed 
by the Student multiple comparison T-test with P < 0.05. 
61 Xiaodong Ding et al. /  Procedia Environmental Sciences  18 ( 2013 )  58 – 67 
3. Results
3.1. Effects of Si on Plant Growth
The average growth of pakchoi decreased with increasing of Cr applied under each Si levels (Fig. 1a).
No differences were observed in the growth of pakchoi among the four levels of Si under Cr0 level (P < 
0.05) (Fig. 1a). However, shoot dry weight of Si2 treatment was much higher than that of Si0 treatment
when grown under Cr50 level (Fig. 1a). Under Cr100 level, dry weight of Si0.5 treatment was higher than 
that of Si0 treatment, which was higher than those of Si1 and Si2 treatments. However, dry weight
showed no significant differences between Si1 and Si2 treatments (Fig. 1a). Under Cr150 level, plant dry 
weight of Si0.5 treatment was higher than those of other four Si levels which exhibited no difference (Fig.
1a). These results indicated that Si supply improved the growth of pakchoi to some degree at low Cr 
levels, but decreased the growth at higher Cr levels. Shoot/Root ratios in pakchoi grown at Si2 and Si1 
levels were significantly higher than those in pakchoi grown at Si0 and Si0.5 levels. This was evident for 
either Cr0 or Cr50 levels (Fig. 1b). However, converse trends of Shoot/Root ratios were found at the four 
Si levels under either Cr100 or Cr150 level (Fig. 1b). These results indicated that Si0.5 was sufficient for 
the growth of pakchoi under high Cr level.
Fig. 1. E ects of Si supply on the biomass (a), shoots/roots (b) of pakchoi grown on Cr-contaminated soil amended with four 
different Si treatments for 48 days after sowing. Data are means + SD of four replicates. Within the same Cr treatment, mean
values followed by di erent (p < 0.05).
3.2. Effects of Si on soil pH in the Rhizosphere
When treated with different levels of Cr and Si, soil pH in the rhizosphere of pakchoi varied from 4.92 
to 6.56 (Table 1). Compared with the control, the addition of Cr to the soil increased the pH by 1.18 and 
1.1 units respectively under Si0 and Si0.5 treatment. However, Cr decreased the soil pH by 0.46 units
under Si1 treatment (Table 1). Under Si2 treatment, the soil pH showed no difference among the four Cr 
treatments. The soil pH increased with Si level under either Cr level (Table 1).
3.3. Activity of Antioxidant Enzymes in Response to Si and Cr Treatment
As shown in Table 2, the activity of antioxidant enzymes of POD, SOD, and CAT in pakchoi
decreased to different extents when grown on soil with Cr50, Cr100 or Cr150 compared to that grown on
the control soil. However, there was no difference among the four Si treatments on Cr0 soil, while
supplying Si promoted the growth of pakchoi on the soil with Cr50. Under Cr100 treatment, though
(a) (b)
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activity of antioxidant enzymes of POD, SOD of Si2 showed no difference compared with that of Si1, 
they were higher than those of Si0.5 and Si0. Activity of antioxidant enzymes of CAT showed no 
difference among Si2, Si1 and Si0.5 level, which was higher than that of Si0 level. Under the Cr100 
treatment, activity of antioxidant enzymes of POD, SOD and CAT had no difference among Si2, Si1 and 
Si0.5 level, which was higher than that of Si0 level. 
Table 1. Soil pH in the rhizosphere of pakchoi grown on Cr-contaminated soil amended with four different Si treatments for 48 days 
after sowing. All data are means of 4 replications; *Values marked with different lowercase letter represented significant 
difference at P<0.05 level across all Cr levels at a given Si level, and with different capital letter represented significant 
difference at P<0.05 level across all Si levels at a given Cr level.  
Treatments Si0 Si0.5 Si1 Si2 
Cr0 
Cr50 
Cr100 
Cr150 
4.92±0.06cD* 
5.04±0.09cD 
5.71±0.07bB 
6.10±0.06Ab 
5.50±0.12cC 
5.48±0.06cC 
5.83±0.14bB 
6.56±0.20aA 
6.20±0.05aB 
5.91±0.04bB 
5.64±0.09cB 
5.74±0.07cC 
6.42±0.14aA 
6.41±0.15aA 
6.55±0.04aA 
6.49±0.15aA 
Table 2. E ects of Si on activities of POD, SOD and CAT in the leaves of pakchoi plants grown on Cr-contaminated soil amended 
with four different Si treatments for 48 days after sowing. Data are means ± SD of four replicates. *Within the same Cr 
treatment, mean values followed by di erent (p < 0.05). 
Treatment 
Activity of antioxidant enzymes 
POD (unit g-1 min-1) SOD (unit g-1) CAT (unit g-1 min-1) 
Cr0 Si0 250.9±10.3a* 201.5±10.2a 95.4±8.5a 
 Si0.5 244.2±12.5a 194.7±12.8a 95.6±5.6a 
 Si1 243.7±14.3a 202.7±9.9a 98.5±6.1a 
 Si2 256.7±12.0a 196.3±11.4a 95.5±5.8a 
Cr50 Si0 174.7±8.5d 118.6±11.1d 60.3±3.5d 
 Si0.5 181.7±9.2c 128.6±8.3c 69.5±5.6c 
 Si1 195.7±12.5b 146.2±11.6b 76.3±6.3b 
 Si2 208.7±14.1a 168.9±9.0a 85.9±4.5a 
Cr100 Si0 171.7±6.5c 117.5±5.6c 54.0±9.9b 
 Si0.5 194.7±8.3b 130.0±6.5b 79.9±6.4a 
 Si1 207.7±10.8ab 144.9±13.6ab 74.8±4.1a 
 Si2 210.7±2.9a 147.8±7.4a 70.9±6.2a 
Cr150 Si0 146.7±5.3b 106.7±6.7b 59.3±7.5b 
 Si0.5 162.7±6.8a 126.2±5.9a 71.9±8.3a 
 Si1 168.7±8.2a 136.4±11.2a 68.6±5.6a 
 Si2 174.7±9.4a 138.8±7.9a 65.6±7.3a 
3.4. Effects of Si on Cr concentration in plants 
Cr concentration in roots, stems and leaves showed no difference among the four Si levels under Cr0 
(Fig. 2a, b, c). Cr concentration in roots, stems and leaves of Si0.5, Si1 and Si2 level were significantly 
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lower than those of Si0 under Cr50 (Fig. 2a, b, c). However, root Cr concentration at Si1 and Si2 level
was lower compared with Si0.05 level under Cr50. Such results indicated that increasing Si supply 
decreased plant root Cr concentration to some degree. Root Cr concentration of Si1 and Si2 were
significantly lower than those of Si0.5 under Cr100 (Fig. 2a, b, c). However, root Cr concentration of Si2
level was higher than that of Si0 level, and root Cr concentration of Si1 and Si2 level displayed no 
difference compared with that of Si0 level under Cr100. Cr concentration in stems and leaves of Si0.5,
Si1 and Si2 level were significantly lower than those of Si0 under Cr50 (Fig. 2a, b, c). Root Cr 
concentration of Si1 and Si2 were significantly lower than those of Si0.5 and Si0 under Cr150 (Fig. 2a, b,
c). However, root Cr concentration of Si0.5 level was higher than that of Si0 level under Cr150. Cr 
concentration in stems and leaves of Si0.5 of Si1 level showed no difference, and were lower than that of 
Si0, and were higher than that of Si2 under Cr150 (Fig. 2a, b, c).
Fig. 2. Effects of Si supply on the concentrations of Cr in the roots (a), stems (b) and leaves (c) of pakchoi grown on Cr-
contaminated soil amended with four different Si treatments for 48 days after sowing. Data are means + SD of four
replicates. Within the same Cr treatment, mean values followed by diff
different (p < 0.05).
3.5. Effects of Si on Cr accumulation in plants
The Cr content in plants significantly increased with the increase of Cr (p < 0.05) (Table 3); however,
increasing the application of (P < 0.05). The 
P < 0.05). Cr 
content in the roots of Si0.5 was lower than that of Si0, and higher than that of Si1 and Si2, which had no
difference under Cr50. However, the Si supply had no effect on the Cr content in the stems (P < 0.05) and 
Cr content in the leaves of Si0.5 showed no difference compared with that of Si0 under Cr50, which were
higher than those of Si1 and Si2, which had no difference. Under Cr100, the following significant pattern 
was displayed: the Si0.5 the Si0> the Si1 Si2 treatment for root Cr content, whilst Cr content in the
stems was significantly greater in the Si0, however, Cr content in the stems
three Si treatments. Cr content in the leaves Si1 were higher than that of Si2; and had no difference
compared with that of Si0.5. Under Cr150, the following significant pattern was displayed: the Si0.5> the 
Si0> the Si1 > Si2 treatment for root Cr content, whilst the Si0 > the Si0.5 Si1 > Si2 treatment for 
Cr content of stems and leaves (Table 3).
3.6. Effects of Si on Cr fractionation in the Rhizosphere
Soil Cr in the rhizosphere of pakchois existed predominantly as residual Cr, which accounted for 90%
to 97% of the total Cr in Cr0 treatment (Table 4). With the increase of Cr supplied, residual Cr content 
did not increase, but the content of precipitated Cr and bound to organic matter Cr increased greatly. The
content under Cr100 and Cr150 treatments (P < 
(a) (b) (c)
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0.05); however, Si supply had no  effect on the exchangeable Cr content under Cr0 and Cr50 
treatments, and the exchangeable Cr content was significantly less than Cr fractions in all Cr treatments 
(Table 4). Such result indicated the addition of Si to the Cr-contaminated soils had not significantly 
increased the concentration of exchangeable Cr, and improved the formation of precipitation-bound, 
-contaminated soil. 
Table 3. E ects of Si -1) in the roots, stems and leaves of pakchoi plants grown on Cr-contaminated soil 
amended with four different Si treatments for 48 days after sowing. Data are means ± SD of four replicates. 
*Within the same Cr treatment, mean values followed by diff
di erent (p < 0.05). 
Treatments Roots Stems Leaves Total Cr 
Cr0 Si0 0.05 ±0.01a* 0.07±0.02a 0.06±0.01a 0.18±0.03a 
Si0.5 0.05±0.01 a 0.06±0.01a 0.07±0.01a 0.18±0.04a 
Si1 0.04 ±0.01a 0.07±0.03a 0.06±0.01a 0.17±0.02a 
Si2 0.04±0.01 a 0.07±0.01a 0.06±0.01a 0.17±0.04a 
Cr50 Si0 0.11±0.02 a 0.11±0.18a 0.08±0.01a 0.31±0.05a 
Si0.5 0.06±0.01b 0.07±0.02a 0.08±0.01a 0.22±0.04b 
Si1 0.03±0.00c 0.06±0.02a 0.06±0.01b 0.15±0.03c 
Si2 0.02 ±0.00c 0.05±0.03a 0.04±0.01b 0.11±0.02d 
Cr100 Si0 0.09 ±0.02a 0.11±0.00a 0.13±0.01a 0.34±0.03a 
Si0.5 0.11±0.02 a 0.08±0.01b 0.07±0.01b 0.27±0.04b 
Si1 0.06±0.01b 0.06±0.01b 0.08±0.01b 0.21±0.02c 
Si2 0.06 ±0.00b 0.07±0.01b 0.05±0.01c 0.18±0.01d 
Cr150 Si0 0.17 ±0.02b 0.29±0.05a 0.25±0.03a 0.76±0.11a 
Si0.5 0.24±0.02 a 0.14±0.04b 0.15±0.02b 0.55±0.08b 
Si1 0.14 ±0.02c 0.12±0.03b 0.13±0.01b 0.39±0.05c 
Si2 0.09±0.02 d 0.07±0.02c 0.07±0.02c 0.25±0.06d 
4. Discussion 
4.1. Ameliorative Effects of Si on Cr-Induced Inhibition of Pakchoi Growth 
Cr is one of the most dangerous toxic elements to plants and humans [6, 30, 31]. It has been reported 
that Si can enhance the resistance and/or tolerance in plants to toxic metals [17, 25]. In this study, dry 
weight of pakchoi was decreased markedly with the increasing of Cr applied regardless of the Si levels 
(Fig. 1a). Increasing the level of Si applied improved the growth of pakchoi at low Cr levels. However, 
the shoot dry weight decreased with the increasing Si applied at higher Cr levels (Fig. 1a). The results 
suggested that the alleviative effect of Cr toxicity observed in the Si-amended Cr treatments. Furthermore, 
the dry weight of shoots and roots were different among all the Si-amended Cr treatments because of 
lower shoot and root biomass in the non-Si-amended Cr treatments (Fig. 1a). Shoot/Root ratio in plants 
grown at Si2 and Si1 level was significantly higher than that at Si0 and Si0.5 level under either Cr0 or 
Cr50 level (Fig. 1b). However, the opposite trend was found among the four Si levels under either Cr100 
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or Cr150 level (Fig. 1b). These results indicated that Si0.5 was sufficient for the growth of pakchoi under 
high Cr level.  
4.2. Ameliorative Effects of Si on Cr Accumulation of Pakchoi 
Table 3 shows that the Cr content in plants was significantly increased with the increase of Cr supplied 
(P P < 
0.05); However, the increase of the tal Cr content in the plants under 
Cr supplied (P < 0.05), and a higher concentration of Cr absorbed by the plants was retained in the roots 
(Fig. 2, Table 3). This was coincided with the report by Mei et al. [32] and Smith et al. [33]. These results 
indicated that Cr concentration of shoots and roots differed among the Si-amended Cr treatments due to 
the lower shoot and root biomass in the non-Si-amended Cr treatments. Furthermore, root/shoot ratio of 
Cr content in the Si-amended Cr treatments was higher than that in the non-Si-amended Cr treatments 
regardless of Cr level supplied. These indicated that increasing Si amounts might have reduced Cr uptake 
by shoots in order to alleviate the toxic effect of Cr on shoots by antioxidant enzymes.  
Table 4. E ects -1) in the rhizosphere soil of pakchoi grown on Cr-contaminated soil amended with 
four different Si treatments for 48 days after sowing. Data are means ± SD of four replicates. *Within the same Cr 
treatment, mean values followed by di erent (p < 0.05). 
Treatments Exchangeable Cr Precipitated Cr Bound to organic matter Cr Residual Cr 
Cr0 
Si0 0.00±0.00a* 2.30±0.08a 1.55±0.02a 29.12±1.00b 
Si1 0.00±0.00a 2.14±0.11ab 2.05±0.33a 31.20±0.82ba 
Si2 0.00±0.00a 2.11±0.08b 1.63±0.03a 31.07±1.11ba 
Si3 0.00±0.00a 1.61±0.22c 2.01±0.35a 32.77±1.07a 
Cr1 
Si0 0.06±0.01a 7.17±0.97c 6.27±1.02a 40.80±0.75a 
Si1 0.06±0.02a 9.05±0.59b 6.75±0.44a 37.79±1.53b 
Si2 0.05±0.01a 9.11±0.28b 8.90±2.46a 39.58±3.05b 
Si3 0.05±0.02a 10.05±0.04a 6.87±0.19a 36.50±1.62b 
Cr2 
Si0 0.06±0.05d 22.10±1.03b 14.33±2.41a 28.75±0.21b 
Si1 0.22±0.06c 25.82±1.35a 11.90±0.45a 29.32±0.67b 
Si2 0.33±0.04b 24.54±0.49a 11.27±0.80a 33.58±0.45a 
Si3 0.45±0.03a 24.54±0.57a 14.23±0.44a 32.08±2.26a 
Cr3 
Si0 0.29±0.03d 36.99±1.58b 21.36±1.17a 44.50±3.13a 
Si1 0.69±0.23c 37.08±0.44 b  19.62±0.75a 43.41±1.80a 
Si2 0.80±0.09b 39.29±0.13a 20.01±2.34a 43.13±3.54a 
Si3 0.95±0.05a 40.96±1.03a 19.26±0.41a 44.55±1.81a 
 
The adverse effects of metals may decrease or disappear if the metal is removed from the soil solution 
by binding to clay particles or to organic materials, precipitating at an alkaline pH [34-36], and 
complexing or interacting with other chemicals [30, 37]. In this study, the alleviative effect of Cr toxicity 
observed in the Si-amended Cr treatments was attributed not only to the enhancement of Cr tolerance of 
pakchoi but also to the inactivation or immobilization of Cd caused by the changes of pH in the 
rhizosphere soils (Table 1).  
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It showed that toxicity of Cr to plants depends on its state that Cr(VI) is highly toxic and mobile 
whereas Cr(III) is less toxic [6,9]. To investigate the mechanism of Si-reduced Cr concentration in 
pakchoi grown in Si-amended Cr treatments, soil Cr fractions in the rhizosphere of pakchoi were 
examined (Table 4). Such results indicated the application of Si to the Cr-contaminated soils had not 
significantly increased the concentration of exchangeable Cr, and improved the formation of 
precipitation- in Cr-contaminated soil (Table 1). In this study, 
Cr(VI)could hardly be detected in the soil under low Cr level supplied (Table 1). It showed that Cr(VI) 
was deoxidized to Cr(III) due to Fe2+ and organic matter in soil, which remained in soil with relatively 
low bioavailability.  
Previous researchers have reported that the addition of Si activated a portion of the Cr. It is thought 
that the addition of Si results in the formation of precipitated Cr and organic bound Cr. This may be the 
cause of the reduction of mobility of Cr under high Cr conditions 
the reduction of the mobility of Cr under high Cr conditions 
[8,11]. The results showed that Si enhanced the tolerance of pakchoi to Cr, which was attributed not only 
to Cr immobilization caused by silicate-induced pH rise in the soil, but also to Si-mediated detoxification 
of the plant to Cr.  
5. Conclusions 
The results of pot experiment showed that Si might be a potential amendment for Cr stabilization in 
Cr-contaminated soil. Moderate Si application increased the shoot yield and reduced Cr uptake, which 
could mainly be attributed to the decrease of the formation of exchangeable Cr. Si could improve pH in 
acid soil, and the formation of bring about 
the reduction of the mobility of Cr under high Cr conditions.  
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